Mycobacterium abscessus and Mycobacterium chelonae are two closely related species that are often not distinguished by clinical laboratories despite the fact they cause diseases requiring different treatment regimens. Multilocus enzyme electrophoresis, PCR-restriction fragment length polymorphism analysis of the 65-kDa heat shock protein gene, biochemical tests, and high-performance liquid chromatography of mycolic acids were used to identify 75 isolates as either M. abscessus or M. chelonae that were originally submitted for drug susceptibility testing. Only 36 of these isolates were submitted with an identification at the species level. Using the above methods, 46 of the isolates were found to be M. abscessus and 29 were identified as M. chelonae. Eight isolates originally submitted as M. chelonae were identified as M. abscessus, and one isolate submitted as M. abscessus was found to be M. chelonae. The four identification methods were in agreement in identifying 74 of the 75 isolates. In drug susceptibility testing, all isolates of M. abscessus exhibited resistance to tobramycin (MIC of 8 to >16 g/ml), while all isolates of M. chelonae were susceptible to this drug (MIC of <4 g/ml). The results suggest that once an identification method is selected, clinical laboratories should be able to easily identify isolates of M. abscessus and M. chelonae.
Mycobacterium abscessus and Mycobacterium chelonae are two species of rapidly growing mycobacteria frequently associated with nosocomial outbreaks and pseudo-outbreaks (1, 11, 24) . Widespread outbreaks of postinjection abscesses have occurred due to medications contaminated with M. abscessus (6, 22) . Contamination of hospital equipment and medications can generally be traced to the ubiquitous presence of these organisms in tap water and their resistance to commonly used disinfectants (24) .
It is clinically important to correctly identify these organisms since they cause infections requiring different treatment regimens (R. J. Wallace, Jr., B. A. Brown, D. E. Griffith, Letter, Pediatr. Infect. Dis. J. 16:829, 1997). Prior to 1992, M. abscessus was considered a subspecies of M. chelonae. Though Kusunoki and Ezaki (10) firmly established through DNA hybridization that these organisms are separate species, they are nearly indistinguishable phenotypically. Only two biochemical tests, those for sodium chloride tolerance and utilization of citrate, are useful for identifying these organisms at the species level (17) , but these tests may take up to 4 weeks to complete (5) . Identification of rapidly growing species using high-performance liquid chromatography (HPLC) of mycolic acids has been limited with M. abscessus and M. chelonae because they produce very similar mycolic acid patterns (2) . Recently, PCRbased methods targeting polymorphic regions of the 65-kDa heat shock protein (HSP) gene have been used successfully to identify isolates of M. abscessus and M. chelonae (8, 15 ; A. R. Lakshmy, N. Siddiqi, M. Shamim, M. Deb, G. Mehta, and S. E. Hasnain, Letter, Emerg. Infect. Dis. 6:561-562, 2000). Multilocus enzyme electrophoresis (MEE) can also be a useful tool for clustering mycobacterial strains at the species level (25, 27) and has been used successfully in studies with rapidly growing mycobacteria (1, 6, 23) .
The purpose of this study was to evaluate three recognized identification methods for their ability to separate M. abscessus and M. chelonae isolates in order to help individual clinical laboratories select an identification regimen. The methods compared were (i) biochemical tests consisting of sodium chloride and citrate utilization (17) , (ii) a PCR-restriction fragment length polymorphism (RFLP)-based method targeting a 439-bp segment of the 65-kDa HSP gene (8) , and (iii) HPLC of mycolic acids (3, 4) . MEE (25, 27) was also used to confirm the identification of each isolate and to categorize isolates of each species by electrophoretic type (ET). Once identified, isolates were also submitted for drug susceptibility testing (12) to determine if antimicrobial agents could be used to distinguish each species. 
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The pH of the solution was adjusted to 7.0, 20 g of Noble agar (Difco Laboratories, Detroit, Mich.) was added, and the medium was autoclaved. The substrate solution was prepared by dissolving 5.6 g of sodium citrate (Fisher) in 50 ml of distilled water and then filter sterilizing the solution. The substrate solution was added aseptically to the cooled basal medium, and slants were made by dispensing the medium into 8-ml screw-cap tubes. Lowenstein-Jensen (L-J) slants with 5% NaCl (Remel) were used to evaluate sodium chloride tolerance. All slants were inoculated with 0.1 ml of a 1:10 dilution of a 7-day culture in MiddlebrookCohn 7H9 broth (Remel) and incubated at 30°C for 3 weeks. Inoculated L-J slants (Remel) served as positive growth controls. Growth on the test medium was considered a positive test result, and lack of growth was considered a negative test result. PCR-RFLP analysis. Template DNA was extracted, amplified, and digested according to methods previously described (8) . Briefly, a 439-bp segment of the 65-kDa HSP gene (13) was targeted for amplification using primers TB11 and TB12 (19) . Reaction mixtures were amplified for 35 cycles (30 s at 96°C, 30 s at 61°C, 30 s at 72°C), followed by a 10-min incubation at 72°C in a model 9600 thermocycler (Perkin-Elmer Applied Biosystems, Inc., Foster City, Calif.). Amplimers were divided and digested separately with HaeIII (37°C for 1 h) and BstEII (60°C for 1 h). Restriction products were separated on 10% polyacrylamide gel electrophoresis gels for 2.5 h at 150 V using a Tris-borate-EDTA buffer system at 13°C. DNA was visualized on a UV transilluminator after staining for 10 min in 0.5 g of ethidium bromide per ml and destaining for 10 min.
HPLC. Inoculated L-J slants serving as positive growth controls for the biochemical testing procedure were used for HPLC analysis. Mycolic acids were extracted from whole cells and analyzed using previously described methods (3, 4) . Mycolic acids were separated and analyzed using an HPLC, model System Gold (Beckman Instruments, Inc., Fullerton, Calif.), with a Beckman C 18 reverse-phase ultrasphere-XL cartridge column and a Beckman model 166 UV detector. Retention times and peak heights were recorded with an HPLC model 450 data system controller (Beckman). Peaks were identified by their relative retention times (RRTs) and numbered in order based on their emergence from the column. Isolates of M. chelonae and M. abscessus were distinguished from each other by comparing peak height ratios for corresponding peaks with the same RRT as previously described (2) .
MEE. Enzyme extracts were prepared as previously described (27) . Enzymes were separated on 11% starch gels using a Tris-citrate buffer system (pH 8.0) and stained by methods described by Selander et al. (16) . Five enzyme systems which exhibited differences for M. abscessus and M. chelonae isolates were used for identification. The enzymes detected were 6-phosphogluconate dehydrogenase, glutamate oxalacetic transaminase, adenylate kinase, phosphoglucose mutase, and esterase. Variations in the mobility of an enzyme were recorded by assigning ascending allele numbers to enzyme bands based on increasing migration towards the anode. An absence of activity for an enzyme was recorded as 0 and considered a null allele. Each isolate with a unique profile of allele numbers was assigned to an ET. Genetic relationships among ETs were demonstrated by a dendrogram generated by the average-linkage method of clustering from a matrix of coefficients of weighted distance (16, 18 ) based on five enzymes by using SAS/GRAPH software developed by Jacobs (9) .
Drug susceptibility testing. The broth microdilution method for susceptibility testing of rapidly growing mycobacteria (12) was used for isolates in this study. Commercially available plates (Trek Diagnostics, Westlake, Ohio) containing test antibiotics were used to determine MICs. Isolates were tested for susceptibility against twofold dilutions of clarithromycin (0.06 to 64 g/ml), imipenem (1 to 64 g/ml), cefoxitin (2 to 256 g/ml), amikacin (1 to 128 g/ml), sulfamethoxazole (1 to 64 g/ml), doxycycline (0.25 to 32 g/ml), tobramycin (1 to 32 g/ml), and ciprofloxacin (0.125 to 16 g/ml). Isolates were grown in Middlebrook-Cohn 7H9 broth, and the cell turbidity was adjusted until it matched a 0.5 standard on the McFarland scale by visual examination. Each plate well was inoculated according to the manufacturer's instructions, with a resulting organism density of approximately 5 ϫ 10 5 CFU/ml. The plates were sealed and incubated for 96 h at 30°C. The MIC was recorded as the lowest concentration of antibiotic that inhibited visible growth for all drugs except sulfamethoxazole. For sulfamethoxazole, the MIC was defined as the concentration of the drug in the well with approximately 80% inhibition of growth compared to the growth in the control well with no drug. The isolates were classified as either susceptible, intermediate, or resistant to a particular antibiotic according to breakpoints recommended by NCCLS (12) listed in Table 2 .
RESULTS
The 77 isolates used in this study are listed in Table 1 in ascending order by ET as determined by MEE results (Table  3) and by a dendrogram generated on the basis of electrophoretic profiles (Fig. 1) . Isolates were submitted from 20 state labs and from Canada. Among the submitting laboratories, nine used biochemicals to identify rapid growers (29 isolates), eight used HPLC (34 isolates), and four used a combination of HPLC and biochemicals (12 isolates). Twenty-four isolates were submitted as M. chelonae, and 12 were received as M. abscessus. The remaining isolates were submitted as M. chelonae/M. abscessus (27 isolates), M. chelonae complex (3 iso- With one exception, biochemical tests conducted in our laboratory divided the isolates into two groups corresponding to the patterns for M. abscessus and M. chelonae reference strains. Isolates of M. abscessus grew on L-J medium with 5% NaCl but failed to grow on sodium citrate medium. In contrast, all isolates of M. chelonae grew on sodium citrate medium but not on L-J medium with 5% NaCl. One isolate, CDC 99-6025, produced biochemical results that were inconclusive since the isolate grew on both 5% NaCl and sodium citrate slants. Based on the results from PCR-RFLP, HPLC, and MEE, isolate CDC 99-6025 was identified as M. abscessus.
PCR-RFLP conducted on the test isolates gave two distinct patterns, as shown in Fig. 2 . One pattern corresponded to the M. abscessus type strain, and the other corresponded to the M. chelonae type strain. Thus, these two patterns were used to identify isolates of each species.
Isolates of M. abscessus were also distinguished from isolates of M. chelonae by patterns produced by HPLC of their mycolic acids. Isolates for each species produced two major patterns (Fig. 3) . The peak height ratios of the two major peaks in the first cluster at RRTs of 0.68 min and 0.71 min were 0.20 for the M. abscessus patterns and 0.75 for the M. chelonae patterns. In addition, after normalization of the mycolic acid peaks, the contributions of the major peak in the first cluster at an RRT of 0.71 min were ϳ43% for M. abscessus and ϳ24% for M. chelonae. The above criteria were consistently applied to identify each isolate to the species level.
Based on the MEE results (Table 3) , the 47 isolates of M. abscessus were separated into 20 ETs (ETs 1 through 20) , while the 30 isolates of M. chelonae separated into 9 ETs (ETs 21 through 29). Using the electrophoretic profiles from the analysis of only five enzymes to generate a dendrogram (Fig 1.) 
a Based on interpretive criteria from NCCLS guidelines (12 
DISCUSSION
Although M. abscessus and M. chelonae have been recognized as distinct species since 1992 (9), many clinical laboratories either fail to distinguish these species or incorrectly identify them. In this study, only 12 of 46 isolates (26.1%) were correctly submitted to the Centers for Disease Control and Prevention (CDC) as M. abscessus. For M. chelonae, only 16 of 29 isolates (55.2%) were submitted with the correct identification. Eight isolates were submitted to the CDC as M. chelonae but were identified as M. abscessus, and one isolate was submitted as M. abscessus but was identified as M. chelonae. Ringuet et al. (15) reported that the most common error in databases for rapidly growing mycobacteria was misidentification of M. abscessus sequences as those of M. chelonae.
Our laboratory easily identified and separated isolates of M. abscessus from M. chelonae using either MEE, PCR-RFLP, biochemical tests, or HPLC. Except for MEE, any of these methods could be easily incorporated for routine identification of these species by either a reference or clinical laboratory.
The genetic distances generated by MEE clearly demonstrated that M. abscessus is taxonomically distinct from M. chelonae. MEE was extremely useful in this study for supporting the identification results from PCR-RFLP, biochemical tests, and HPLC. Though MEE is a very useful typing technique for epidemiological studies (1, 6, 23, 27) , it is too laborintensive for routine identification purposes.
PCR-RFLP of polymorphic regions of the hsp65 gene has the greatest potential for being widely used as a quick method for identifying all mycobacteria (8, 14, 15, 19, 20, 21, 26) . A small number of cells can be used for detection and identification. Numerical algorithms can be used to eliminate subjectivity from pattern interpretation (8) . In this study, isolates of M. abscessus and M. chelonae were easily identified since isolates of each species produced a single unique pattern.
For laboratories that routinely use biochemical tests for identification, our results suggest that properly interpreted tests for sodium citrate utilization and 5% NaCl tolerance can be used to distinguish M. abscessus from M. chelonae. Results from a previous study indicated that the 5% NaCl tolerance test is unreliable unless the inoculum is equal to a 1 McFarland standard and slants are incubated at 35°C for 4 weeks (5). In contrast, we were able to record final results for both biochemical tests 3 weeks after inoculating slants with a 1:10 dilution of a 7-day culture and incubation at 30°C. Obviously, variations in how individuals conduct and interpret these tests along with the incubation time required for a final reading are all drawbacks for using biochemicals to identify species.
When isolates are grown under standardized conditions, our results indicate that HPLC can also be used to separate M. abscessus from M. chelonae. Using HPLC and pattern recognition software, Glickman et al. (7) reported 94% specificity for identifying 17 isolates of M. chelonae and 31 isolates of M. abscessus. However, reference laboratories using HPLC (ours included) do not routinely attempt to distinguish these two species and report results as being an M. abscessus/M. chelonae pattern. Though the mycolic acid patterns are very similar, the appropriately chosen peak height ratios can be used to differentiate these two rapid growers. Using the methods discussed above, we were able to establish a well-defined set of isolates representing each species. When these isolates were submitted to us for drug susceptibility testing, it also became obvious that susceptibility to tobramycin could assist in identification. All isolates identified as M. chelonae were susceptible to this drug, while isolates identified as M. abscessus were either resistant or intermediately resistant. Disturbingly, more than 50% of the M. abscessus isolates tested against clarithromycin in this study were either resistant or intermediately resistant to this antimicrobial. Clarithromycin is often the drug of choice for treating infections with rapid growers. This level of resistance is not representative of our overall experience with these organisms. Approximately 20% of clinical isolates submitted to our laboratory for susceptibility testing between 1999 and 2000 have shown resistance to clarithromycin (B. Metchock, unpublished data). Others have found that nearly all isolates of M. abscessus submitted for susceptibility testing between 1990 and 1995 were susceptible to clarithromycin (B. A. Brown-Elliot and R. J. Wallace, Jr., Letter, J. Clin. Microbiol. 39:2745-2746, 2001 ). In addition, we report in this study that 97% of M. abscessus isolates were either resistant or intermediately resistant to cefoxitin. A combination of clarithromycin and cefoxitin is a common regimen for treating M. abscessus otitis media (Wallace et al., letter). In our in vitro analysis, the only drug that all M. abscessus isolates were susceptible to was amikacin.
Several methods are effective for separating M. abscessus from M. chelonae. Techniques such as biochemical testing are inexpensive to initiate, and we found the results from our procedure easy to interpret. Reference laboratories typically have access to PCR equipment that can potentially be used for identification of mycobacteria by PCR-RFLP methods. Laboratories performing HPLC can use the criteria described in this study to identify M. abscessus and M. chelonae by their mycolic acid patterns. Therefore, reference laboratories should be able to routinely identify these Mycobacterium species. Drug susceptibility results are needed to provide appropriate therapy and may also aid in identification of these species. However, drug results should be used only to support another identification method and should not be the sole criterion.
